Usnic acid is the secondary metabolite found in lichens, particularly Usnea sp which has considerable pharmacological activities. However, the used of usnic acid is still limited due to poorly soluble in water. The aim of this study was to investigate the impact of milling process to physicochemical properties of usnic acid. Usnic acid was isolated from Usnea sp by soxhlet extraction method. The crystal of usnic acid was then milled in three different times: 30, 60 and 90 minutes. The characterization of intact and milled usnic acid were conducted using powder X-ray diffraction (PXRD), infra-red spectroscopy, differential scanning calorimetry (DSC), and scanning electron microscopy (SEM). Solubility test was conducted in water for 24 h and the amount of usnic acid was determined by UV spectrophotometry. The X-ray diffractogram showed a decline in peak intensity of usnic acid after milling process. The infra-red spectrum showed no shift of wavenumber of usnic acid after milling process. Thermal analysis showed a decline in melting point and heat energy of usnic acid after milling process. The photomicrograph of SEM depicted the changes in habit crystal of milled usnic acid. The solubility of intact usnic acid was 51 µg/ml, while the milled usnic acid increased fourfold compared to intact usnic acid. There was no significant difference of milling time on solubility (p>0.05). In conclusion, the milling process influence the physicochemical properties of usnic acid which indicated by crystallinity, melting point, crystal habit and solubility.
INTRODUCTION
Usnic acid is the secondary metabolites found in lichen (crust moss), one of them in the Usnea sp. Usnea sp is commonly found in the mountains, high altitude and low l and with high humidity. Lichen and extracts containing usnic acid can be used as medicine, fragrance, and cosmetics. The pharmacological activities of usnic acid are anti-bacterial and anti-microorganism 1 , antivirus 2 , analgesic and antipyretic 3 , anti-inflammation 4, 5 , anti-oxidant 6 , and anti-proliferation 7 . The nature characteristic of usnic acid which is poorly soluble in water causes the use of usnic acid is limited. Usnic acid is practically insoluble in water, but soluble in: 0.77 g in 100 ml acetone, 0.88 g in 100 ml ethyl acetate and 1.21 g in ethanol, respectively 8 .
Studies have been conducted in order to increase solubility usnic acid included using Poly Lactic-co-Glycolic Acid (PLGA) by preparing microencapsulation which the solubility enhance 21 fold 9 and forming inclusion complex with β−cyclodextrine that enhance usnic acid solubility about 23 fold 10 . Another method that can enhance the solubility is by milling method. Milling process is generally known as a top-down process that able to break down particles physically into fine particles by supplying mechanical energy on the powders. This process is still a considerable method to modify the properties of powder. Previous studies have shown the impact of milling on the solubility of efavirenz and sulfamethoxazole 11, 12 .
Therefore, this study was conducted in order to investigate the effect of milling process to alter the physicochemical properties of usnic acid that isolated from Usnea sp. The impact of milling process was evaluated by powder X-ray diffraction (PXRD), infra-red spectroscopy, differential scanning calorimetry (DSC), scanning electron microscope (SEM) and solubility test.
EXPERIMENTAL

Materials
Usnea sp was collected from Mt. Singgalang (altitude 2100 m), West Sumatra, n-hexane (Bratachem, Indonesia), ethyl acetate (Bratachem, Indonesia), chloroform (Merck, Germany), and distilled water.
Isolation of usnic acid
Approximately 800 g Usnea sp was sorted and crushed to be extracted by soxhlet method using 2.5 L of n-hexane. The extract then was evaporated using a rotary evaporator. Recrystallization process was done using a mixture of ethyl acetate and n-hexane. The usnic acid crystal was kept in a desiccator.
Preparation of milled usnic acid
The isolated crystal of usnic acid about 1 g was milled in vibration ball milling apparatus (RETSCH Type PM 100, Germany) at 500 rpm. The milling process was done in three different times: 30, 60, and 90 minutes. Then the milled usnic acid was kept in a desiccator.
Powder X-ray diffraction (PXRD) analysis
Analysis of usnic acid crystallinity was done using powder X-ray diffractometer (PAN analytical PW 30/40 X-ray diffractometer, the Netherlands). A small amount of sample was placed on the sample holder and the analysis was performed at 2θ in a range of 5 -40°. Prior to measurement, the diffractometer was set as follow: target metals Cu, Kα filter, voltage 45 kV, and current 40 mA at room temperature. Measurement was done for intact usnic acid and usnic acid after milling process.
FT-Infra-red Spectroscopy analysis
The infra-red spectroscopy analysis was done using a spectrophotometer (Perkin Elmer FT-IR, the USA). The absorption of usnic acid samples was recorded at wavenumber 4000 -600 cm -1 . The analysis was done for usnic acid and usnic acid after milling process at three different times.
Differential Scanning Calorimetry (DSC) analysis
Thermal analysis of usnic acid and milled usnic acid in different times was done using a differential scanning calorimetry apparatus (SETARAM Type EVO-131, France), which calibrated using Indium. A small amount of samples was put in an aluminum pan and the temperature of measurement was set 30 -250°C with a flow heat 10°C/minute.
Scanning Electron Microscopy (SEM) analysis
The surface morphology of usnic acid and milled usnic acid was done using a SEM device (HITACHI type S-3400N, Japan) at several magnifications. Samples were placed on an aluminum sample holder and the device was set as the following condition: the voltage was set at 10 kV and current 12 mA.
Solubility test
The solubility test of usnic acid and usnic acid after milling process was done in a water bath shaker for 24 h at room temperature. An excessive amount of samples was added in a 100 mL of free carbon dioxide distilled water and the samples were filtered using Whatman filter paper. The amount of usnic acid dissolved was measured by UV spectrophotometer (Shimadzu UV-1700, Japan) at 283 nm (λ max ) of usnic acid.
Statistical Analysis
The effect of milling at different milling times on the solubility of usnic acid was analyzed using t-test student.
RESULT AND DISCUSSION
Milling, also known as "top-down" approach, is a mechanical process that able to break down particles and to defect crystal powders which alter the physicochemical properties. The defect of powders can contribute to the decreasing in crystallinity. Moreover, milling also able to transform crystal phase into partially amorphous and/or amorphous phase. This transformation can be observed by X-ray diffraction analysis. The amorphous phase as a result of milling process has a remarkable higher solubility compared to its crystalline phase 13, 14 . Depend on the great of mechanical energy supplied, milling is able to defect, disorder or disappear of atoms or molecules position in crystalline phase 15 .
Powder X-ray diffraction is a principal method to quantify the crystallinity of materials 16 . The diffractogram of usnic acid and milled usnic acid is shown in Fig. 2 . Usnic acid and milled usnic acid have the same pattern in diffractogram. Usnic acid shows a sharp peaks as the characteristic of crystalline form. However, the peak intensity of milled usnic acid decreased as a consequence of milling process which can be seen in Table 1 . The specific peak intensity of usnic acid was at 10.3° of 2θ position. The height of peak intensity of usnic acid was 47,000.43, while the usnic acid after milling at three different times was in a range of 3,700 -4,500. This result indicated significant decrease of crystallinity.
Infra-red spectrum of usnic acid and milled usnic acid is shown in Fig. 3 . The spectrum shows similar pattern of functional groups which indicated no new compound formed during milling process. Fingerprint area at 1500-500 cm -1 which used to identify intact sample and after modification shows no transition. At wavenumber 1700-1600 cm -1 shows alkene groups and 2000-1650cm -1 shows aromatic groups from usnic acid and milled usnic acid. In addition, O-H bond form Ar-OH is depicted at wavenumber 3700-3400 cm -1 and hydroxyl phenolic groups at 3150 cm -1 for usnic acid and usnic acid after milling process. These indicated no shift of wavenumbers after milling process. This result was anticipated as milling is a physical process that will not induce new compound or functional groups that also in accordance with result as shown in X-ray diffractogram, previously 17 . DSC is a general thermal analysis method that can be used to characterize thermal behavior of powder before and after modification which shows the exothermic or endothermic peaks and the heat energy to melt 18 . The result of usnic acid thermal analysis can be seen in Fig. 4 . According to the thermogram, there are sharp endothermic Means followed by the same letter in the column do not differ statistically at 0.05 probability level In addition, the heat energy of usnic acid was 72.29 J/g and milled usnic acid was 65.47 J/g. Declining in melting point of usnic acid after milling process was likely due to the decrease in crystalinity of usnic acid as also shown in diffractogram. Moreover, defect on crystal lattice after milling process contributes to the energy needed to melt the usnic acid, which the milled usnic acid required lower energy compared to intact usnic acid 18 .
The result of scanning electron microscopy of usnic acid and milled usnic acid at the same magnifications is presented in Figure 5 . It can be seen that the isolated usnic acid looks like rod, while the usnic acid after milling process was irregular and smaller in particles size. The changes in surface morphology of usnic acid was apparently caused by the milling process. Apart from the changes in the crystal lattice, the milling process also affected on the morphology and surface roughness which contributes to the solubility 15 .
The result of solubility test can be seen in Table 2 . The solubility of usnic acid increased significantly after milling process (p<0.05), meanwhile milling time to the solubility of usnic acid did not influence significantly (p>0.05). This result was in accordance with the result in the x-ray diffractogram, thermal analysis and electron microscopy where the decrease in the peak intensity and the melting point, and the changes in the morphology were able to increase the solubility of usnic acid. The mechanism in increasing solubility of milled usnic acid was allegedly due to the transformation phase from higher crystalline to lower one 11, 19 .
CONCLUSION
Milling process is able to decrease crystallinity of usnic acid which contributes to increase the solubility in water and the variation of milling time does not influence the solubility result.
